INTRODUCTION

63
Soil microbes play indispensable roles in the biogeochemical cycles of soil nutrients and 64 soil formation, hence providing key ecosystem services including mediating greenhouse gases 
168
The top-subsoil diversity difference was overall positive for bacteria at the western sites In contrast, the top-subsoil diversity difference was overall negative for archaea and for 1, 2 and S3), suggesting a higher archaeal diversity in the sub-than topsoil in the west and a 179 lower archaeal diversity in the sub-than topsoil in the east. As a result, the diversity 180 differences for bacteria and archaea were negatively correlated across the study area (r = -0.48, 181 p = 0.0006, Figure S3 ).
183
Explanatory variables for soil bacterial and archaeal diversity variations 184 The diversity of soil bacteria and archaea in topsoil, subsoil, and diversity difference 185 displayed opposite correlations on the majority of the six groups of environmental variables,
186
including historical temperature anomaly, contemporary climate, vegetation, soil fertility, soil 187 pH, soil mineral (Table 1) . Interestingly, the oligotrophic and copiotrophic bacterial clades in 188 topsoil showed opposite correlations with the same variables, and so did Crenarchaeota and 189 the rest archaeal phyla (Table S1 ). Subsoil bacterial and archaeal clades, as well as their (Tables S1). 192 Using hierarchical partitioning, we found that the environmental variables explained 45.2% 193 and 53.2% of the variations in the topsoil bacterial and archaeal diversity, respectively (Figure 194 3). Among them, vegetation had the largest independent effect, explaining 11.3% and 14.8% The biogeographic pattern in top-subsoil diversity difference was dominantly influenced 212 by different environmental variables, distinct from that in the top and subsoils. Overall, the six 213 environmental variables explained 54.1% and 40.6% of the variations in bacterial and 214 archaeal diversity differences, respectively (Figure 3) . Soil fertility had the highest negative 215 independent effect on bacterial diversity difference (17.6%, p < 0.05), followed by vegetation
216
(10.6%, p < 0.05) and historical temperature anomaly (9.3%, p < 0.05, Figures 3 and 4) . In contrast, historical temperature anomaly had the highest positive independent effects on 218 archaeal diversity difference (13.0%, p < 0.05), followed by soil fertility (12.4%, p < 0.05, and d), although effect of soil pH is not significant (0.05 < p < 0.1).
241
The SEMs explained 46.4% and 38.6% of the variations in diversity difference of fertility difference were all opposite in bacterial and archaeal diversity difference (Figure 5f ).
245
Among six environmental variables, soil fertility difference and historical temperature
246
anomaly had direct and negative effects on bacterial diversity difference, whereas they had 
DISCUSSION
252
While the biogeographic pattern of soil microbial diversity has long been studied in the 253 topsoil, its variation in the subsoil in comparison to the topsoil remains largely unknown. group, soil total nitrogen is particularly important for archaeal diversity (Table S2) , consistent 310 with a study in Eastern China forests (51). The negative effects of soil fertility and mineral on 311 archaeal diversity are mainly attributed to the negative response of Crenarchaeota (Table S1) ,
312
which frequently function as ammonia-oxidizing archaea (46). Soil pH negatively influences 313 archaeal diversity, mainly due to the response of acidophilic archaea clades, e.g.,
314
Parvarchaeota (Table S1) 
MATERIALS AND METHODS
417
Study area and soil sampling 418 Our study area spans over a ~1500-km transect ranging from arid to mesic grasslands in 
428
The meadow steppe has the highest NPP and plant species richness, dominated by S.
baicalensis and Leymus chinensis, etc (49). Soil types along this transect include Calcisols,
430
Kastanozems and Calcic Chernozem from southwest towards northeast (49).
431
Soil samples were collected from 32 randomly selected sites along the transect in August genes, but can still detect non-methanogenic clades due to non-specificity (64). All the 476 barcodes were unique to every soil sample.
477
The PCR reaction was motivated in 30 μL reaction systems after mixing 15μL of Finally, the sequences were trimmed to keep sequences for bacteria between 245 and 260 bp,
510
and for archaea between 272-288 bp, respectively, followed by exclusion of putative chimeric 511 sequences. Therefore, we obtained a total of 3,531,946 and 4,086,723 high-quality sequences, 512 which were grouped into 23,458, and 3,152 OTUs for soil bacteria and archaea at 97% 513 sequence similarity and corresponding fasta format sequences were obtained using the 514 UPARSE pipeline (68).
515
The reads of OTUs were annotated by referring to the Greengene database (69) for 516 taxonomic information of bacteria and archaea with minimal 50% confidence score. Because 517 the 505F/806R primers can target a small quantity of archaea due to its marginal 518 26 non-specificity, therefore we removed the OTUs that were annotated to archaea in the 519 following analysis. As well, the OTUs annotated to bacteria by the 1106F/1378R primer set 520 targeting archaea were also removed.
521
To build a phylogenetic tree with the fasta sequences, MAFFT software (70) was first 522 used to align the sequences, and a maximum likelihood (ML) tree was build using ExaML Appendix.
614
Table S1-S3.
615
Figure S1- Figure S5 . (Table S3 ). Different colors of columns represented their independent effects. The 888 asterisks indicate significant independent effects (p < 0.05; n = 32). 
